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Firas F. Mussa, MD, Thomas S. Maldonado, MD, and Caron B. Rockman, MD, New York, NY
Background: Cannulation of the radial artery is frequently performed for invasive hemodynamic monitoring. Compli-
cations arising from indwelling catheters have been described in small case series; however, their surgical management is
not well described. Understanding the presentation and management of such complications is imperative to offer optimal
treatment, particularly because the radial artery is increasingly accessed for percutaneous coronary interventions.
Methods: We conducted a retrospective review to identify patients who underwent surgical intervention for complications
arising from indwelling radial artery catheters from 1997 to 2011.
Results:We identiﬁed 30 patients who developed complications requiring surgical intervention. These complications were
categorized into ischemic and nonischemic, with 15 patients identiﬁed in each cohort. All patients presenting with clinical
hand or digital ischemia underwent thrombectomy and revascularization. Complications in the nonischemic group
included three patients with deep abscesses with concomitant arterial thrombosis, two with deep abscesses alone, and
10 with pseudoaneurysms. Treatment strategy in this group varied with the presenting pathology. Among the entire case
series, three patients required reintervention after the initial surgery, all in individuals initially presenting with ischemia
who developed recurrent thrombosis of the radial artery. There were no digital or hand amputations in this series.
However, the overall in-hospital mortality in these patients was 37%, reﬂecting the severity of illness in this patient
cohort. Three patients who were positive for heparin-induced thrombocytopenia antibody had 100% mortality compared
with those who were negative (P [ .04, Fisher exact test). In-hospital mortality was higher in patients presenting with
initial ischemia than in those with nonischemic complications (53% vs 20%; P[ .06). Among 10 patients who presented
with pseudoaneurysms, ﬁve (50%) were septic at presentation with positive blood cultures, and six (60%) had positive
operating room cultures. Staphylococcus aureus was identiﬁed as the causative organism in all of these patients.
Conclusions: Complications of radial artery cannulation requiring surgical intervention can represent infectious and
ischemic sequelae and have the potential to result in major morbidity, including digital or hand amputation and sepsis, or
death. Although surgical treatment is successful and often required in these patients to treat severe hand ischemia,
hemorrhage, or vascular infection, these complications tend to occur in critically ill hospitalized patients with an extremely
high mortality. This must be taken into consideration when planning surgical intervention in this patient cohort. Finally,
radial arterial cannulation sites should not be overlooked when searching for occult septic sources in critically ill
patients. (J Vasc Surg 2013;58:1325-30.)The radial artery is superﬁcially located and in conjunc- arising from radial artery cannulation are typically well
tion with the ulnar artery forms a dual blood supply to the
hand via collaterals. This makes the radial artery convenient
and suitable for the placement of indwelling arterial
cannulas for hemodynamic monitoring in critically ill and
postoperative patients. In addition, percutaneous coronary
interventions are increasingly being performed through
a transradial approach, although there is signiﬁcant
geographic variability.1 The ulnar artery serves as the
dominant vessel supplying the hand in most patients;
consequently, complications, particularly thrombosis,the Division of Vascular and Endovascular Surgery, New York
niversity School of Medicine.
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managed nonoperatively.2-4
Not all such complications are benign, however.
Although rare, radial artery cannulation and catheterization
can lead to serious complications, including ischemia,
pseudoaneurysm (PA) formation, infection, hematomas,
and perforation, requiring surgical intervention.5-8 There
is a paucity of literature on complications arising from
indwelling radial artery catheters that necessitate oper-
ative management, despite their signiﬁcant potential
morbidity.9-13 For example, hand ischemia arising as
a complication of radial artery access carries a high rate of
amputation.11 The purpose of this retrospective review
was to characterize the nature of severe complications
requiring surgical management secondary to indwelling
radial artery catheters, based on their clinical presentation,
the surgical approaches for repair, and the outcomes of
such intervention.
METHODS
The records of all adult patients who underwent
surgical intervention for complications secondary to
indwelling radial artery catheters from 1997 to 20111325
Table I. Patient characteristics
Variable
Mean (range) or
No. (%) (n ¼ 30)
Male sex 19 (63)
Age, years 71 (38-87)
History of
Coronary artery disease 19 (63)
Diabetes mellitus 5 (17)
HIT 3 (10)
Stroke 5 (17)
Pressor support 6 (20)
HIT, Heparin-induced thrombocytopenia.
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radial arterial complications were analyzed. The main indi-
cations for surgical intervention were broadly divided into
ischemic and nonischemic complications. Each patient
record was carefully reviewed for history, presentation,
operative details, and postoperative course. In our institu-
tion, radial artery catheters are routinely attached to
heparinized saline drips, except in patients with a diagnosis
of heparin-induced thrombocytopenia (HIT). Additional
anticoagulants and antiplatelet agents are not routinely
used.
In general, catheter placement is performed observing
sterile technique. Details of the initial radial artery catheter-
ization technique, including type of catheter, operator,
technique, number of attempts, and catheter type were,
unfortunately, not uniformly documented. An Allen test
was performed in certain patients; however, its reliability
is debated, and the results in preparation for placement
of an arterial catheter were not studied.14
Statistical analysis was performed with SPSS software
(SPSS Inc, Chicago, Ill). The Fisher exact test was used
to determine statistical signiﬁcance (P < .05).
RESULTS
Patient characteristics and presentation. We identi-
ﬁed 30 patients (19 men and 11 women) who were
a mean age of 71 years (range, 38-87 years). Patient comor-
bidities included hypertension (73%), coronary artery
disease (63%), and diabetes mellitus (17%). Three patients
(10%) were known to be positive for HIT antibody, and
six (20%) were receiving active vasopressor support for
hemodynamic instability at the time of presentation
(Table I). We do not have the total number of catheters
placed during this time period; however, complications
arose in a small percentage of patients. Most patients were in
the intensive care unit at the time of presentation.
The complications were broadly divided into ischemic
and nonischemic sequelae (Table II), with 15 patients in
each group. All patients in the ischemic cohort presented
with typical signs and symptoms of severe acute arterial
ischemia of the digits or hand, associated with an absence
of the palpable radial pulse distal to the site of initial radial
artery cannulation. In some patients, the physicians or
intensive care unit team had already removed the radial
artery catheter before the initial vascular surgery examina-
tion and consultation. It is unknown how many patients
with radial artery thromboses were managed nonopera-
tively during the same time period.
In the nonischemic cohort, 10 patients presented with
PAs; of these, two were frankly ruptured at the time of
presentation. Five patients presented with an obvious infec-
tious pathology: two with deep abscesses and necrotizing
soft tissue infections, and three with deep abscesses associ-
ated with concomitant radial artery thrombosis without
clinical evidence of ischemia.
Ischemic complications. Digital or hand ischemia
secondary to the in-dwelling radial artery catheter was
present in 15 patients. Digital pulse oximetry wasoccasionally used to assist in the evaluation, as was hand-
held Doppler examination of the palmar arch. However,
clinical examination was nearly always the main indication
for proceeding to the operating room (OR) for limb-
threatening ischemia. All patients with radial artery
thrombosis with ischemia underwent radial artery throm-
boembolectomy, followed by revascularization (Fig 1).
Repair in 14 patients was performed with patch angio-
plasty, with use of vein in all patients, except one, where
a prosthetic patch was used. The remaining patient
underwent thromboembolectomy with primary repair of
the radial artery. None of these patients had any clinical
evidence of an associated local or disseminated infection.
Nonischemic complications. Nonischemic complica-
tions occurred in 15 patients, which included 10 patients
with PAs. The two patients who presented with PA rupture
were treated with formal radial artery ligation. Primary
repair of the radial artery PAs with interrupted monoﬁla-
ment suture was performed in ﬁve patients, formal radial
artery ligation in four, and vein patch angioplasty in one.
Revascularization was performed in clinically stable
patients; patch vs direct repair was determined by the size
of the defect. Among the 10 patients with PAs, six had
positive OR cultures and ﬁve were known to be bacteremic
preoperatively. Both patients with ruptured PAs were
bacteremic and had positive OR cultures. The causative
bacterium was Staphylococcus aureus in all instances.
Five patients presented with severe infections, three of
which were associated with clinically asymptomatic throm-
bosis of the radial artery. However, upon exploration, the
artery was thickened and inﬂamed, suggesting a severe
infectious arteritis and involvement with the infectious
process. These three patients underwent excision and liga-
tion of the radial artery along with wide debridement and
incision and drainage of the abscess. Two patients pre-
sented with abscesses alone, without radial artery throm-
bosis. Both underwent incision and drainage, and one
required excision and ligation of the artery also due to
a severe infectious arteritis. Patients presenting with infec-
tious sequelae alone were all culture-positive, both blood
and OR, with S aureus identiﬁed as the sole organism in
cultures of four of the ﬁve patients. One patient had a poly-
microbial infection, with S aureus also identiﬁed as one of
the bacterial species in cultures. Therefore, 11 of the
Table II. Summary of patient presentation, bacteriology, and intervention
Patient presentation Bacteriology, No. (%) Surgical intervention
Complication No. OR culture Blood culture Procedure No.
Ischemia 15 0 0 Revascularization 15
PA 8 3 (38) 4 (50) Aneurysmectomy and repair 6
Artery ligation 2
Ruptured PA 2 2 (100) 2 (100) Artery ligation 2
Thrombosis with abscess 3 3 (100 3 (100 Excision, ligation, and I&D 3
Abscess 2 12 (100) 2 (100) I&D alone 1
Excision, ligation, and I&D 1
I&D, Incision and drainage; OR, operating room; PA, pseudoaneurysm.
Fig 1. Radial artery thrombectomy.
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an underlying associated infectious etiology (Table II).
Surgical results and complications. Reoperations
were required in three patients who presented initially
with radial artery thrombosis and ischemia. Two patients
had undergone revascularization with a vein patch angio-
plasty repair, and one had undergone a primary repair.
All three patients underwent repeat thrombectomy and
patch angioplasty of the radial artery, and these secondary
reconstructions remained patent. There were no hand or
digital amputations.
The overall mortality during the index hospitalization
in this critically ill patient cohort was 37% (11 of 30), but
no death was directly related to surgery. In-hospital
mortality was higher in patients presenting with ischemia
than those with a nonischemic presentation, but this did
not reach statistical signiﬁcance (56% vs 20%; P ¼ .06).
The three patients who had documented HIT had 100%
mortality compared with patients who were negative for
HIT antibody (P ¼ .04).
DISCUSSION
Radial artery cannulation is routinely used for hemody-
namic monitoring in critically ill or postoperative patients.Although complications of indwelling radial artery cathe-
ters are well reported, the surgical management of such
complications is not well described in the current literature.
The goal of our retrospective review of consecutive cases of
patients undergoing surgical intervention for complications
arising from indwelling radial artery catheters was to review
the presentation, management, and outcome of this cohort
of patients.
Radial artery thrombosis. A number of prior studies
have reported thrombosis as the most common morbidity
of radial artery catheterization, with the incidence ranging
from 4%13 to 38%.15 However, given collateralization
through the ulnar artery and palmar arch, radial artery
thrombosis resulting in severe hand or digital ischemia is
rare. Radial artery thrombosis requiring acute surgical
intervention has been infrequently reported.15-20 Valentine
et al11 reported that only eight patients with hand and
digital ischemia after radial artery cannulation for hemo-
dynamic monitoring were referred to a vascular surgery
service during a 5-year period. Another retrospective
review of 1000 radial artery cannulations by Mandel et al10
found two serious thrombotic complications requiring
surgical revascularization. A prospective study by Slogoff
et al21 demonstrated that althoughw25% of 1699 patients
with routine radial artery cannulation experienced radial
artery thrombosis, no patients showed persistent signs of
ischemia on long-term follow-up. Reports of digital or
hand amputation as a result of radial artery thrombosis are
extremely uncommon.22,23
In the current case series, radial artery thrombosis
causing ischemia was the indication in half of all patients
requiring surgical intervention. Although the numbers are
limited, our opinion is that thrombectomy, followed by
patch angioplasty repair with an autologous material, is
the preferred management. Arterial repair was performed
with patch angioplasty in all except one instance, and the
patient who underwent primary repair required reinterven-
tion for recurrent thrombosis. Ischemia can be the conse-
quence of extrinsic factors, such as patient comorbidities
and the presence of vasopressors, and intrinsic factors
such as the degree of vasospasm, luminal narrowing, and
vessel wall injury. Direct repair may likely further narrow
the lumen of an already small and possibly diseased vessel
Fig 2. Angiogram of the upper extremity.
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ment of radial artery thrombosis.
It is important to note that patients with an indwelling
radial artery catheter who present with digital ischemic or
cyanotic changes may or may not have actual radial artery
thrombosis. Digital ischemia may be caused by radial artery
thrombosis in the setting of inadequate collateral vasculature
or by thromboembolization. It is important for the clinician
to carefully distinguish these conditions, because the treat-
ment differs. Treatment of digital thromboembolization
from atherosclerotic or other catheter-related debris in the
setting of a patent radial artery is generally supportive: this
would consist of removal of the catheter and anticoagulation
or antiplatelet agents, or both, as deemed clinically
appropriate. Surgical treatment would not be appropriate
in this setting. When severe digital ischemia or partial
hand ischemia, or both, occurs in the setting of thrombosis
of the radial artery, this indicates inadequate collateralization
from the ulnar artery and palmar arch, and surgical treat-
ment is indicated to prevent tissue necrosis.
The physical examination must be meticulous and
should include palpation of the distal radial artery in the
location of the anatomic “snuffbox” and hand-held
Doppler examination of the palmar arch and digital
arteries. Simple palpation of the radial artery at the level
of catheterization can be misleading: if the radial artery is
occluded just distal to the level of catheterization, the clini-
cian may feel an apparently normal pulse in the portion of
the artery just proximal to the occlusion. It would be an
error in judgment to then assume that the distal radial
artery is patent without performing a more detailed exam-
ination as described above. Duplex ultrasound imaging
may further aid in establishing a deﬁnitive diagnosis.
Formal vascular imaging, such as arteriography, would
not routinely be indicated (Fig 2).
When radial artery thrombosis in the setting of clinical
ischemic changes is diagnosed, the vascular surgeon must
then judge whether the ischemia is severe enough to
warrant surgical intervention or whether conservative
management with observation and anticoagulation, if not
contraindicated, would be appropriate. The difﬁculty in
making this decision can be exacerbated in patients who
may be intubated and cannot cooperate with a detailed
neurovascular examination. Occasionally, formal digital
plethysmography and/or the placement of a pulse oxime-
try monitor on the involved digit may assist the clinician’s
judgment, but ultimately, the physical examinationdthe
color, temperature, capillary reﬁll time, and motor sensory
examinationdof the involved area is the most important
guiding factor.
The decision to take an already critically ill patient to
the OR is a challenging one; however, 63% of the patients
in this series survived their hospitalization. Our opinion is
that for a patient to survive a critical illness only to suffer
the loss of a ﬁnger or a portion of a hand from an iatrogenic
procedure is truly a devastating outcome.
In summary, patients presenting with ischemia from
radial artery thrombosis are often critically ill; consequently,the clinician must exercise precise judgment to ascertain
whether the degree of ischemia is severe enough that it
would result in tissue necrosis without intervention.
Furthermore, whether surgical intervention is warranted
to prevent necrosis should be weighed against the signif-
icant overall mortality in this cohort of patients.
Radial artery PAs. Among nonischemic complica-
tions, radial artery PA was the most common indication
for surgical intervention. A PA may be identiﬁed in the
setting of an indwelling cannula or after its removal. Those
noted after removal might result from inadequate compres-
sion. The diagnosis is best made clinically, supplemented
with duplex ultrasound imaging. The physical examination
may reveal a pulsatile wrist mass or an expanding hema-
toma. The examination may be unimpressive, however,
with a visible blister or skin lesion at the access site as the
only sign (Fig 3). Upon surgical intervention, this partic-
ular patient was found to have signiﬁcant edema and
inﬂammation in the deeper tissues, which may be seen in
the setting of infection. Some patients may need additional
preoperative imaging, although this is usually unnecessary
(Fig 4).
In prior studies, Scheer et al24 reported a mean inci-
dence of PAs of only 0.09% after radial artery catheteriza-
tion. Radial artery catheters are often considered to be at
extremely low risk for infection, with a reported incidence
of 0% to 1.6%.25,26 A meta-analysis of 19,617 radial artery
catheterizations found the mean incidence of local infec-
tion requiring antibiotic therapy was 0.72%, and none of
these reported infections were complex or required surgical
management.25 In another retrospective review of 7470
radial artery catheterizations, local infections were demon-
strated in only 0.2%.26 The only patient in this series who
required an operation presented with an infected PA.
Although the incidence of infected PAs secondary to radial
artery catheterization is usually signiﬁcantly <1%, surgical
resection is considered the deﬁnitive treatment.25-27 In
our series, PAs were noted to arise in the setting of infec-
tion in six of 10 patients (60%), which is signiﬁcant
Fig 3. Physical examination of the wrist with an infected pseu-
doaneurysm (PA).
Fig 4. Computed tomography scan demonstrates a pseudoa-
neurysm (PA).
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ﬁve of 12 patients (42%) with local infection from a radial
artery catheter also had an associated PA. All ﬁve patients
with infected PAs in their series ultimately required surgical
treatment. The causative organism in their series, as in our
series, was S aureus.25,26 Therefore, the presence of a PA in
the setting of an indwelling catheter must alert the clinician
to the possibility of infection. The site of radial artery
cannulation should not be overlooked as a potential site
of bacteremia or occult infection in a septic patient, because
local clinical signs can often be nonspeciﬁc and difﬁcult to
ascertain.
Risk factors for indwelling radial artery catheter
complications. Given their extremely low incidence, it is
difﬁcult to identify risk factors that may predispose toward
complications of radial artery catheterization. A literature
review found only age and history of peripheral artery disease
were patient-speciﬁc risk factors of ischemic complications
of radial artery cannulation.28 Other studies showed that
a hospital course that includes a combination of hypoten-
sion, shock, and vasopressor support may be associated with
an increased risk of occlusion.24,28 In our series, only six of
30 patients required vasopressors preoperatively, making
this association difﬁcult to ascertain. However, nearly all of
the patients in the current series were being cared for in an
intensive care unit or postanesthesia care unit and were
critically ill or recovering from major surgery. As such, one
can hypothesize that peripheral vasoconstriction or
compromised hemodynamics with decreased peripheral
perfusion may have contributed to peripheral thrombotic
complications and clinical ischemia. Hematoma formation
during the initial radial artery cannulation has also been
identiﬁed as a risk factor for thrombosis.24,28,29 The asso-
ciation of other procedure-speciﬁc details with ischemic
complications, such as the number of attempts at cannula-
tion and catheter type, is more controversial.28,29
The composition of the catheter may be relevant
to infectious complication.24 The duration of the
in-dwelling catheter may also be associated with relatedcomplications, particularly infection. In addition, the
patient’s clinical condition and location of placement of
the catheter may inﬂuence infectious complications.
Our study has several limitations. Unfortunately, we do
not have access to speciﬁc details for each initial arterial can-
nulation.We do not have information regarding the catheter
type, location, or technique of placement, the duration of
cannulation, the indication for arterial catheter placement,
and the circumstances of catheter placement. Furthermore,
we do not at present have long-term follow-up of these
patients; therefore, an analysis of these factors is not possible.
We also do not have information in patients in whom (1)
asymptomatic radial artery thrombosis occurred or (2) radial
artery thrombosis with mild signs and symptoms of ischemia
occurred but were felt not to be severe enough to warrant
surgical intervention and were managed conservatively.
We are therefore unable to compare the outcome of the
surgically treated patients with other cohorts. Nevertheless,
our series is the largest in the literature of patients who were
treated surgically for radial artery catheter complications,
and despite the relatively high mortality of the patient
cohort, no tissue loss occurred.
Finally, our study shows that patients who experience
radial artery complications requiring surgical intervention
are likely to have a high mortality during their index hospital
stay. Eleven patients died, with the mortality rate higher in
patients presenting with ischemia than in those with noni-
schemic symptoms; however, this did not reach statistical
signiﬁcance (P ¼ .06). Despite successful surgical interven-
tion and prevention of tissue loss in our series, the prognosis
of this group of patients remains grave due to the underlying
disease process. Identifying patient comorbidities resulting
in poor outcomes remains challenging, given the rarity of
this entity. In our experience, patients who were positive
for HIT antibody had the worst outcome (100% mortality).
CONCLUSIONS
The data and results from our series span nearly 15
years, reﬂecting the rarity of this condition. Surgical
JOURNAL OF VASCULAR SURGERY
1330 Garg et al November 2013intervention for ischemia or nonischemic complications can
be undertaken with acceptable patency, without any direct
surgically related complications. However, these patients
carry a high mortality, which is higher in patients present-
ing with ischemia than those with PAs or deep tissue infec-
tions. We also identiﬁed a high incidence of positive OR
and blood cultures in the presence of PAs. With an
increasing trend toward transradial access for percutaneous
interventions, access site complications may see a surge,
particularly ischemic presentation. Performing a meticulous
preprocedure evaluation, such as an Allen test or statin
therapy in the case of transradial access for interventions,30
may decrease such complications but is unlikely to elimi-
nate them completely. Therefore, meticulous evaluation
and a better understanding of the presentation and
management of access site complications are paramount
to offer optimal treatment.
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